Abstract
INTRODUCTION
The main question discussed here is relativcly easily expressed: how can we represent the elements whose interactions determine the dynamics of fisheries systems. The approach proposed hcrc considers fisheries systems to be the addition of the components of two continuously interacting sub-systems: the "productive" system and the management system. In this way, we make reference to systems approaches widely used in agronomy, which try to go bcyond the characterization of productive unit operations, and concentrate on analyzing the relationships which have emerged in particular places bctwccn fishcries activities and the environment. In the case of fisheries, this is especially due to the importance of externalities and collective behaviour. This question of the reprcsentation of fisheries systems takes on a new dimension when set against two major approachcs, that of scientists (whatever their discipline) asked about anthropisation processes, and that of decision-makers concerned with the future of the resourccs, ecosystcms and coastal communities, and hence with management of fisheries systems. More generally, this question is also in kecping with a natural evolutionary process of the way in which the relationship between ecosystems and social systems is perceived (Jollivet, 1992) . However, wc will restrict this discussion to two major aspects. First, we will try to clarify a way of representing the object of scientific study common to Social and Life Sciences, in the particular case of fi sheries. Then we will attenipt to illustrate this approach with a few transverse questions which appear regularly in current scicntific works concerncd with fisheries. We will mention briefly in succession such notions or concepts as risk, fishing effort and objective functions.
Defining a cornrnon scientific object for social and life sciences
In itself the idea of defining a common scientific object for Social and Life Sciences is not new and must be differentiated straight away from attempts by some experts to replace decision-makers so as to preach a "technocratie modcl" where the scientist holds the key to important decisions (Joye, 1992) . In fact, compared to other research areas, fisheries science started early to link the knowledgc accumulated by Natural and Human Sciences (economics and biology in particular). But few attempts have been made to try and represcnt a common object of analysis. Yet it is clear that this path is paved with important issues concerning the relevant geographical scales and the definition of time scalcs appropriate to social, biological and ecological processes. Numerous problems already begin to emerge at this stage (Quensière, 1993 and ORSTOM, 1991) . The scientific literature only considers as significantly new the bioeconomic models which, despite their useful contribution to a multidisciplinary approach, make only limited and patchy progress in integrating opinions from different disciplines (Clark, 1976 (Clark, , 1985 Charles, 1988 Charles, , 1991 Hannesson, 1993) . Bioeconomic models are limited by the difficulty of formalising the logic and behaviour of the actors (Catanzano and Cunningham, 1993) , the effects of which arc considcrcd in tcrms of avoidancc or efficiency loss of proposed management systems. Other forms of representation often escape notice as they are far from being sufficicntly formali\cd and adapted to different situations. Yet more and more people concentrate on thcm (Charles, 199 1 ; Quensikrc, 1993; Catanzano and Rey, 1993) . Our approach is methodological and should be considered as a tentative proposal, for the sake of discussion.
Arguments und reufitic1.s justifjing the c~pprouc,h
Depending on whether we concentrate exclusively on fisheries research or try to cast the debate on fisheries management into an analysis of the relationships between ecosystems and social systems, different arguments emerge which justify a need for a revision of the methods used. Without developing each of the arguments already dealt with in the scientitic, technical and politico-administrative literature, several arguments may be put forward relating to observations or unanswered questions: (i) the relative failure of most management systems whether of international, national or local fisheries; (ii) the institutional role of the expert and research in the decision-making process; and last (iii) the limited knowlcdge on interactions betwccn social, ecological and biological domains that take place within fisheries activities. In fact, it is in an attempt to answer these three questions that wc tried to rcdcfine an analytical framework for looking at the interactions between the "productive" and management systems. These interactions bring logether the actors directly affecting the ecosystems as well as most of the institutions (in the wide sense) which give a certain vision of the actors, their functions and the bchaviourial characteristics of the components of fisheries systems. For example, with no pretence at being comprehensive, we could illustrate this with a few unhappy expericnces.
There are several instances in which the advice provided by or requested from ICES (International Council for the Exploration of the Sea) could not be used efficiently for management purpose because the scale of observations was inadcquatc.
For the North Sea roundfish fisheries for example, TACS (Total Allowable Catches) are rccommended for each species individually, based on forecasts of catches and SSB (Spawning Stock Biomass) under varying levels of effort in the human consumption fishery. To a large extent, the latter is a mixed fishery, and a majority of the vessels involved do catch al1 three species of cod, haddock, and whiting over the year. In recent years, the stock of cod has been in a pour state, calling for a strong reduction in fishing mortality (implicity, fishing effort), whereas the stock of whiting was in rather good condition and current fishing mortality was considered acceptable. If we Aquat. Living Reaour., Vol. X, n' 3 -1995 treat the human consumption fleets as an aggregate, then managers are confronted with a major problem in setting TACS that are compatible with the requirements of effort reduction for cod and status quo for whiting. In view of the difficulty in identifying consistent fisheries directed at each of the roundfish species except saithe, ACFM (Advisory Committee on Fisheries Management) was led to recommend a uniform effort reduction in the roundfish fisheries, an advice that was essentially driven by the priority given to cod and haddock at the expense of whiting. Obviously, this approach exaggerates the problem by ignoring the fact that some vessels may actually fish either species selectively in some areas or seasons. What is lacking here is an appropriate resolution regarding the fleets and their effort distribution in space and time. One may expect that the detailed database set up by STCF (Scientific and Technical Committee for Fisheries) and now taken over by the Long Term Management Working Group, may help to alleviate this problem, although practical difficulties will certainly persist.
Another long standing problem regarding the provision of TAC advice by ICES and similar organisations is related to the time frame considered. In most instances, the consequences of management options are only given for the immediate future, making it impossible to spell out the trade-offs between catching the surplus production now or preserving part of the biomass to ensure better catches in the medium term. Of course, recruitment makes up a significant part of the catches, notably in overexploited stocks (many are), and reliable predictions of future recruitment are impossible. However, scientists have tended to over-emphasise this problem, thus reinforcing the tendency by fishermen and managers to concentrate on short-term considerations. The current efforts to take advantage of techniques developed for risk analysis indicate that appropriate tools can be envisaged to explicitly handle uncertainties in the biological and other parameters, so as to circumvent the shortcomings of myopic management advice.
The mixed fisheries in the Bay of Biscay are yet another example of the difficulties faced by managers in deciding technical measures. The predominant interactions occur between the fisheries for hake and for Nephrops (Nonvay lobster). The latter are allowed to use small-mesh gears and make considerable by-catches of juvenile hake that are concentrated on the Nephrops grounds. Trawl fisheries in that area have a long history of not complying with legal mesh sizes, which results in considerable discarding of small fish. The problem is further compounded by the fact that the fleets involved in these fisheries also catch a number of valuable species. The network of interactions has been described and quantified by the late Working Group on Fisheries Units in Sub-areas VI1 and VI11 (e.g. Anon. 1990 ). One of its conclusions was that enforcement of the existing regulation should be a priority, as this would be beneficial to the whole fishery. Also gains were expected from a reduction of by-catches of hake in the Nephrops fishery, e.g. by use of selective trawls. The industry is reluctant to use such devices, however, as the revenue of the so-called Nephrops trawlers has become highly dependent on the by-catches of finfish. One of the shortcomings of the approach used by this working group is that the evaluations were made on a métier rather than on a fleet-basis, i.e. it was not explicit that vessels from a given neet could operate in several métiers ; conversely it was not clear how the fleets should be managed to obtain a desired pattern of fishing mortalities on the species caught by the various métiers. The type of mode1 suggested by Laurec et al. (1991) , that takes explicit account of how fleets allocate their efforts to the available métiers and, in that way, generate fishing mortality on specific components of the fish resources, would have been more appropriate, pending the availability of economic data. The most frustrating conclusion of this exercise, however, is that managers were apparently not prepared to handle the complexity of a system with that many interactions, as evidenced by the fact that they did very little to depart from status quo although this means the continuation of significant losses for some segments of the industry. The decisions to sacrifice some particular interests for the sake of the common welfare are too hard to take.
In the Mediterranean, in a different productive and regulatory context, we note that the scientific work underlying policy recommendations (in particular from FAO, via GFCM (General Fisheries Council for the Mediterranean) is in direct conflict with the position of local and national administrations whose opinion is based on the reality of fisheries development in areas such as for example the Gulf of Lions. Three analyses are proposed, each based on a particular representation of the fishery system and only taking into account one part of the explanatory components and interactions of the true dynamics. Only a reconciliation of the three analyses could lead to a solid diagnosis, to the establishment of a process of negotiation, and to the implementation of fisheries management by first defining management units (Bertrand et ul., 1994) .
Generally speaking, many deficiencies of fisheries management in Europe stem from the fact that social and economic constraints are often invoked, but seldom spelt out explicitly by managers or the fishing industry. Although ICES has been reluctant to extend its expertise in that direction, it would be unfair to blame it only: STCF was supposed to be better equipped for the purpose, but did not meet al1 expectations either. Although their point of view is necessarily partial, biologists have been the only advisers to support their case with data and assessments (however imperfect they might be) on a regular basis.
A proposition for the representation of jîsheries systems
Trying to explain the fisheries system means integrating viewpoints from several disciplines so as to build a general abstract mental picture of the object to be analyzed. This will help interdisciplinary work even before questions of appropriate scalcs are considered. Generally, a systcm can bc defined as a group of coordinated and stable relations so as to be permanent, i.e. guarantecd to last for a certain period without being cternal. It is at this stage of "some permanence" that the object to be described is defined and characterised, via its components, perhaps with the aim of analysing its evolution (from the time when it emcrgcs to the time when it disappears). The fishcry systcm taken as a part of a bigger composite system (ccosystems, social systems, economic systems ...) cannot avoid being affectcd by its dynamics. For more than twenty years, agronomists and other analysts from the agricultural world have been reconïidering some of the basic concepts for the analysis of agricultural and rural activities by adapting definitions dating from more than a century earlier. Over and abovc the semantic debate which followcd, the establishment of new analytical and opcrational concepts (for management) has given an impetus to modern agronomy which is now sccn as a leading discipline in a number of diffcrcnt sciences (Sebillote, 1979) . Gradually, from then on, efforts have been made to place the analysis of agricultural systems at the focus point of interactions between nature and society. It is not surprising that we should use experiences from rclatcd disciplines if the representation project is similar. In our approach, it helps to formalise intcrcsting analogies even though we are aware of the diffcrences. This discussion leads us to a construction based on the following definitions:
The fisheries system is complex because of the nature, the multiplicity and the intrinsic characteristics of its components which, through their interactions, act as the vectors of its dynamics. At the highest level, two closcly rclated sub-systems may be identified: a "productive" and a management system. The fisheries "productive" system may be defined as those elements which contribute to the flow of fisheries products. It nlay be fiirther divided into thrcc linkcd subsystems : catching, production and exploitation systcms. The management system is constitutcd of elements concerned with the regulation of such flows. It can also be brokcn down into regulatory tools, their outcomc and the context in which they operate (actors, decisions, institutions ...) @g. 1).
Such a rcpresentational structure should: enablc to (i) take into account the factors and natural processes explaining the global dynamics of the fisheries system; (ii) charactcrize the principal interactions across the interrelated modules; and (iii) idcntify kcy concepts and interactions without forgetting to analyze their impact on the whole system, making it easier to rcconcilc different disciplinary vicwpoints. We will give some examplcs later which will illustrate these ideas.
THE COMPONENTS OF THE FISHEKIES SYSTEM
Four components of the fishcrics system will be mcntioncd hcrc. We will try to underline the Figure 1. -Fisheries sy\tems.
Aquat. I.iving Rc\our., Vol . X, n" 3 -1995 concepts and some of the questions that relate to them. These questions often reveal interactions that unify the componcnts. Answering thesc questions requires the consideration of conflicting viewpoints. Such a representational structure should enable us to define and idcntify, via the relationships between each sub-system, the impact of the main interactions by analyzing them within the framework of the global dynamics affecting the whole fisheries system. of "métier", the catching system appears to be a succession of métiers undertaken by a fisherman during a cycle of activity (a year for example) (fig. 2) . Regarding the "how", the gear is the primary element. A gear change is often responsible for a change in various biological, ecological, technical and economic variables. It has to be considered as a change of métier. In many cases, the choice of gear is the primary factor in the fisherman's "project", even more so than the choice of the target specics. If a gear is to be used efficiently, some technical knowledge is necessary (acquiring a certain know-how), a result of training or experience. This is valid for al1 gears, from the most sophisticated to those which appear the most simple (adaptation to their context). Most gears require a special vesse1 design or at least specitic on-board equipment. In this way, further rigidity is introduced
The catching system
The catching system can be defined as the totality of the elements and processes related to possible productive activities (or to the products) and to the techniques which can be used by fishermen. What to produce and how? Referring to the concept -Catching system and productive system. Aquat. Living Resour., Vol. 8, no 3 -1995 against adapting the vesse1 to environmental changes. Lastly and certainly the main factor is the fact that, in the fisherman's mind, each gear is associated with some idea of efficiency, productivity and profitability. These can be perceived in tcrms of "nominal" performance for a given species, time period and area or in terms of versatility (variety of species, various types of grounds). When a fisherman claimç that his métier is dirccted at some species, he in fact displays a preference or an intention and this is what matters when one analyses what dctermines his decision or his action. However, his actions do not necessarily reflect his intentions, and can even contradict them as judged from an examination of his actual catch. For example, the "Nephrops vessels" from southern Brittany have a traditional preference for Norway lobster, cven though this particular spccies is somctimes scarce in their catch (Charuau, 1989) . When the fisheries regulation validates this incongruity, by allowing surprisingly low percentages of the target species in some so-called special fisheries, the target species simply bccomes an excuse to maintain previous practices that are often not justified in the present context. At this first level of decomposition of the fisheries system, many qucstions can be listed among which: 
The production system
Classically, for social sciences, the analysis of production is complex. One option is to focus on the modes of production, where the fundamental characteristics are the identification of the owner, the worker, the productive means, the relationships between owners and workers and the productive collaborative relationships between the different economic actors. Alternatively, examining productive relations can be of interest, as they tend to concentrate on social relationships which affect access conditions, productive resources and ownership of the production means Cfig. 3). This approach can also rcfer to the definition of a productive system which identifies production factors and represents a production function. Without ncglccting the elcments dcscribed in thcse first two options, the economist, if preoccupied by a mathematical formalisation of the act of protluction, may also favour the dynaniic analysis of productive combinations expressed as a production function. The latter is devcloped within a wider set of constraints or of technical, social, legal or natural events which shape the relation\hips between inputs and outputs. Bccausc of the character of the resource (rcnewable, non appropriable before being caught, mobile, difticult to assess ...), fishing is quite particular. Only in a few cases are relevant comparisons possible with the cases of forestry, mining, energy resources or watcr. As it concerns a living resource, wc could go further and, referring to the General System Theory (Von Bertalanffy, 1973 ; I,c Moigne, 1984) , consider that thcrc arc in this particular case two "pilots" within the fisheries system: man and the fish. This is to emphasise the cxtrcme complexity involved in the description of interactions between these two populations. Sorne of the questions that we are tempted to ask concerning the production system arc: 
Economics and hiology used in fisheries research
The exploitation system
The exploitation system gcncrally means a system concerned with the operating of productive units according to a logic of rational choices, the expression of thcse chojces being followcd by decision-taking. In most productive sectors, these decisions are a result of confrontations bctwcen the productive unit and the outside world depending on the strength of different effects. In the case of fisheries, it is different because externalities are very strong and so do not allow the productive unit to bc isolated easily from a subset or from the whole of the productive units. Moreover, fisheries arc also special due to the weight of environmental constraints and to the impact of human activities (ecological, biological, physical, social ... constraints or effects). The objective then becomcs to understand the behaviourial choices of producers and of the economic agents involvcd in production, according to different temporal and spatial scales, with reference to physical, ecological, biological, economic and social changes. Information flows underlying the process of choice must also be considered. The decision unit is hence more complex to identify as such and, as a result, it is more difficult to express individual rationalities. Among the main questions found at that level of observation, the following will be noted : How and on what bases is defined the system of distribution of the results of the activities ?
The management system
It must represent the elements and choices that contribute to regulating the productive system and thus Aquat. Living Resour., Vol. 8, no 3 -1995 the flow of fisheries products. It involves management tools which are going to constrain partially or totally the choices of target species, zones of activity, gear (at the levcl of the catching system); or the level of implication ancilor availability of productive factors (at the level of the productive system); or else indirectly discriminate against certain kinds of exploitation through differences in access to information, to knowledge, to adequate legal status, enabling the dcvelopment of some types of production (at the level of the exploitation system) Cfig. 4).
Uscd in this way, al1 these tools aim at satisfying an implicit or explicit objective function (taking the form of multi-objective combinations) which will be the bascline against which the impact, efficiency, acceptability, viability of the chosen regulatory mode1 can be evaluated. Social objectives (non monetarised objectives, self-sufficiency in food, survival economy, political agreement, sustainable development of the activity ...), economic objectives (level of wealth created, level of income, employment ...), bio-ecological objectives (resource conservation, biodiversity ...) are mixed together in most cases (Charles, 1991) .
Lastly and because it is definitely accepted today that using hypotheses of neoclassical rationality concerning the description of the fisherman's behaviour cannot suffice to understand the gap between the objectives and the results of regulation, institutional forms and dynamics have to be analyzed as they themselves produce effects which explain the dynamic interactions between the productive and management systems (Platteau, 199 1) .
Therefore the questions arising can be formulated as follows: It is important not to restrict these questions to only one of the four subsystems, but to clarify their effects on al1 of them. The matrix so defined should help to bring together the discipline-based view and the real world which is the supposed object of Our analysis. 1,ct us use as an illustration a few specific examples related to the concepts of risk and uncertainty.
DISCUSSION
Risk and uncertainty are two of the concepts leading to a redefinition of the object studied WC can always initially define the subject under study and say that its component parts concern function, structure or decision to a greater or lcsser dcgrec. However, it is not rare to find that, between the initial and subsequent questions, the object of the study itsclf somehow evolves. Questions arc then askcd about the composition of the object and the way its different parts interrelate. This can be observed recurrently throughout the history of sciences (in earth sciences for example or chemistry or else medicine). Each time, the more recent questions are responsible for widening previous observations. In the case of the exploitation of living marine rcsources, among the subjects most frequently studied today some justify, and even rcquire a redefinition of what is supposcd to be integrated in the study of interactions between society and renewable living marine resources. Well up on the list are the following: fishing effort, objective functions, utility, cornpliance, sustainability, quality, adaptability, risk, uncertainty ...
If we concentrate on the last two, it is gcnerally acceptcd that the variations in the results of fishing business may be due to different causes such as variations in production (quantitative), variations in the quality of the catch and price changes of the harvested specics. Such causes, partially exogenous, lcad the fishcrman (and consequently at another level, al1 of the sector's social, economic and political actors) to take decisions whilst in possession of imperfect information and in a situation of risk and uncertaintv. Indccd. economic, ecological and environmental factors can influence the production outcome just as much ai mere differenccs in productivity depending on the productive factors used. Al1 acts, whether related to production or regulation, are subject to uncertainty or accompanied by risk, depending on whether the expected event is not commensurable or whether we are aware of the probable consequences (Knight, 1921) . Far from bcing well differentiated, the ideas of risk and uncertainty, whatever their definition, involve al1 the disciplines to establish a preliminary inventory of those factors which express or increase risk or else can be considered a cause of uncertainty relating to different elements of the fisheries system affecting one or another actor in particular. To cite but a few: natural sources of uncertainty linked to the resource; those affecting economic variables and parameters (financial or commercial); and lastly changes in priorities which make the social future more-or less predictablc and so tend to increase (in the medium term) the instability of management options recommended on the basis of previous objectives. In fact, these concepts also tend to define more precisely what belongs to the fishcries system. Following on from the deterministic approach of Clark, uncertainty was first only considered as a random "noise" or as fluctuations within ecosystems or socio-economic systems (Mangel and Clark, 1993) .
Step by step, as described by Shotton (1993) , references to thcse Aquat. Living Uewur.. Vol. K. n" 3 -1995 concepts have progressivcly developed, for example from the initial Decision Theoretical sense of risk. Whilst the loss of precision in meaning associated with the vulgarisation of concepts may be deplored, the disciplines' contribution to identifying a common meaning for the different components can be praised as it in fact contributes to a gcncral definition of the system under study. In that way for example, when Peterson and Smith (1982) describe four causes of risk, they do nothing less than define the system being studied. Otherwise, the dynamics of the interactions of interest cannot be understood (resources and their environment ; scientific knowledge ; markets ; management systcms).
Although apparently simple, this approach to the domain to be analyzed is in cffcct a step on the way to the present proposal, where the defined global system is supported by relevant questions in terms of, for instance, risk, uncertainty ... Consequently, these concepts are important not only in themsclves but also because of the recomposition to which they lead. The system studied cannot therefore be defined or perceivcd solcly in tcrms of risk and uncertainty as understood by the biologist/dynamicist working alone who focuses in the first instance on biological paramclers neccssary for estimating current or future abundance of stocks (natural mortality, growth, rccruitment...). The same would apply to studies undertaken by cconomists or ccologists. As well as these causes of uncertainty, others have to be considered that are associated with economic, social, political factors at an individual (contractors, buyers, managers ...) or collective level whether public or private (pressure groups, professional groups, cooperatives, industrial groups, state ...). The problem is no longer to work on individual roles but to work on thc whole system, based on the interactions that have been validated and for which archetypes can be characterised and differentiated (cg., by preliminary typologies of the sub-systems within the fisheries system).
Compared to approaches which have long been adopted, clearly the causes of uncertainty which now have to be taken into account require that the scientist should know more than about the environment and the resources, their variability, their dynamics, estimated abundance, simulated mobility, migrations and anticipated physical shocks. He must also take into account changes due to the social and economic environment, changes in objectives, in rationalities, in priorities; try to identify and explain how to reduce uncertainty brought about by imperfect information and not simply by a lack of knowledge. In this way, the perception of a system as a series of interwoven elements having distinct functions can facilitate the reconcilation of different discjplinary viewpoints focusing on each of its components without an a priori ranking of the expected effects. Neither risk, whether related to investment or marketing, nor uncertainty linked to research concerning a particular stock will be approached in a dissociated way. Instead, in order to understand the dynamics of exploitation, it is necessary to take into account al1 the parametcrs involved and those variables thought to explain the logic of development of a particular type of exploitation which is characterised by these structural paramcters as much as by their function and by the social form of its organisation. In fact, it means recognizing that the dynamics of actors and structural elements in the system cannot be interpreted in isolation from their environment. When dealing with risk or uncertainty, it is ncccssary not only to establish an inventory of their sources but also to consider their combinations and the way in which they affect together or successively a particular group of actors. Instead of differentiating the actors according to rationalities established a priori by a particular theory (maximisation of utility according to consumer or producer theory ...), differences related to risk and uncertainty can be intcgrated so as to characterize strategies or behaviours (Opaluch J.J., N.E. Bockstael, 1984) . Table 5 . -Some general arguments for a discussion about uncertainty and risk.
Uncertainty
To conclude, the need t o redefine the fisheries system comes from new questions that arise whilst trying to understand interactions within the system, which is known to b e complcx, and for which it is unwise to expect to understand independently from the whole the behaviour o f a particular group of actors (even whcn the group is clearly identified). In this context, common concepts such as discussed here are the best example from the point of vicw both of disciplinary reconciliation and of the artificial frontiers established for analysis.
